Objective: To describe the pattern of meal glycaemic load of children in Hong Kong and to determine whether the meal glycaemic load is associated with childhood overweight. Method: Dietary records (3-day) of 316 Hong Kong children aged 6-7 years were collected. Glycaemic load was calculated from the estimated weight (WT), carbohydrate content (%CHO) and glycaemic index (GI) of each food taken using the equation: (% CHO Â GI Â WT/100). The meal glycaemic load was then the sum of the glycaemic loads of all food taken in each meal. Logistic regression analyses were used to compare the average meal glycaemic load (of breakfast, lunch and dinner) and other dietary parameters between overweight children and normal-weight children. Results: Breakfast, lunch, dinner and snacks provided, respectively, 17, 29, 29 and 25% of the total glycaemic load in a day. White rice (excluding congee (rice porridge) and glutinous rice) contributed almost half of the total glycaemic load. Adjusted logistic regression showed that the meal glycaemic load was not significantly associated with childhood overweight after adjusting for parental obesity, birth weight, sleeping duration, mean energy intake and paternal smoking. Conclusion: Meal glycaemic load calculated from current diet was not an independent factor associated with childhood overweight in children aged 6-7 years. Our data suggested that modifying the type of rice/staple consumed and choosing low-GI snacks could have a major influence on the total meal glycaemic load of young Hong Kong children.
Introduction
Glycaemic index (GI) is defined as the incremental area under the blood glucose response curve following the intake of a 50 g carbohydrate portion of a test food, expressed as a percentage of the response to the same amount of carbohydrate from a standard food (glucose or bread) taken by the same subject (Wolever et al., 1991) . The use of the GI has been endorsed as a method of categorizing the likely metabolic effects of carbohydrates in the dietary management of diabetics and impaired glucose tolerance (FAO/ WHO, 1998) . The utility of GI in managing diets and related research has been further elaborated with the development of the concept of what has been termed glycaemic load (Ludwig, 2002; Brand-Miller et al., 2003) or glycaemic glucose equivalent (Monro and Williams, 2000) . Both of these terms refer to a weighted GI based on the actual carbohydrate content of the food, the GI value of the carbohydrate and the amount of the food consumed.
A study by Wolever and Bolognesi (1996) suggested that GI determines the variability of the blood insulin response to a meal and the presence of protein and fat intake had negligible effects on postprandial glucose and insulin, while recently the opposite was reported by Flint et al. (2004) . A study investigating the effects of dietary GI and glycaemic load on energy metabolism and voluntary food intake in obese children showed that high-GI meals elicit a sequence of hormonal changes that might limit the availability of metabolic fuels and cause overeating in children (Ludwig et al., 1999 ). An increase in postpandial satiety by consuming lower dietary GI has been reported in some related studies (Ball et al., 2003; Warren et al., 2003; Alvina and Araya, 2004) , while another study reported an inverse relationship between appetite and postprandial blood glucose response (Anderson et al., 2002) .
The physiological mechanism suggested to be responsible for the relationship between satiety and dietary GI relates to the fact that insulin promotes the uptake of nutrients into the liver. Therefore, a meal resulting in a high postprandial glycaemic load, and an associated high insulin effect, will theoretically inhibit the hepatic release of glucose and suppress lipolysis. Difficulties in accessing stored metabolic fuels may lead to excessive hunger and overeating.
It is generally believed that rising intakes of dietary fat and the resultant energy imbalance has played an important role in causing the obesity epidemic (WHO, 2000) . However, previous studies have shown inconsistent associations between dietary fat intake and childhood obesity (Muecke et al., 1992; Troiano et al., 2000) . Moreover, the benefits of dietary fat restriction on weight management have been only modest (Astrup et al., 2000) . Some studies have focused on the role of other dietary factors, such as carbohydrates and the GI values of meals, in promoting or preventing weight gain and obesity (Slabber et al., 1994; Ludwig et al., 1999; Bessesen, 2001) . The slower digestion of carbohydrates with low-GI values has been found to be associated with higher satiety (Holt et al., 1992) , improved insulin sensitivity (Frost et al., 1999) and other beneficial metabolic effects (Jenkins et al., 1987) . A retrospective cohort study showed that body weight and body mass index (BMI) of obese children reduced significantly more in those children receiving low-GI dietary advice as compared to the group receiving advice to reduce fat intake (Spieth et al., 2000) . The health claims of consuming low-GI diets have been popularized in a number of diet books (Brand et al., 1996; Montignac, 1999) . While the concept of GI in body weight control is moving towards public usage, controversies still exist (Raben, 2002) .
As part of a case-control study designed to identify risk factors for childhood obesity in Hong Kong Chinese children aged 6-7 years (Hui et al., 2003) , we set out to assess the contribution by different foods to the total meal glycaemic load and the pattern in glycaemic load over a day, and to determine whether the calculated meal glycaemic load of the current diet was associated with childhood overweight.
Method
A total of 343 Hong Kong young children aged 6-7 years participated in a study to identify the risk factors for childhood overweight and 316 of them completed 3-day dietary records. All subjects were primary-one students who were recruited during February 2000-May 2000 when they attended one of the 12 Student Health Service Centres of the Department of Health for an annual body check. In 1993, a local cross-sectional growth survey (Leung et al., 1996) classified 8% of the studied children aged 6-7 as overweight (4120% median weight for height). From the same data set, we developed BMI cutoffs that would identify the same 8% of children who are overweight, as well as the corresponding BMI cutoffs that would identify the middle 10% and the lowest 8%. In this way, three groups of subjects were identified and recruited: an overweight group (X92nd centile for BMI , weight in kg/height 2 in m 2 ), a middleweight group (45-55th centile for BMI) and a low-weight group (p8th centile for BMI). We did not intend to recruit a random sample for this study, but instead three distinct weight groups. The number of subjects in each group was the maximum number we could achieve during the recruitment period, and thus they did not represent a normal distribution in the population. A home visit was arranged for each participating family to collect dietary data and other relevant information.
Children's weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) were measured by nursing staff at the Student Health Service Centres. Students stood against the stadiometer for height measurements. Weight was measured by using an electronic scale. Weight and height of the parents were reported by the parents themselves during the home visits. Adulthood obesity is defined as BMI of 25 kg m À2 or above. The BMI cutoff for childhood overweight used in this study was defined as X92nd centile of growth data collected in 1993, and it was age and sex specific (Leung et al., 1996) . Prior to the home interview, 3-day dietary records were posted to the subjects' parents/caregivers who were asked to record all food consumed by their child over a 3-day period (two weekdays and one weekend day). Names, serving sizes, cooking methods and the brand names of the foods consumed were recorded. Food pictures and eating utensils such as tablespoon, teaspoons and cups were used to determine the serving size. The completed 3-day dietary record sheets were collected by the interviewer during the subsequent home visit. The interviewer checked the information on the record sheets and clarified any vague information with the family or child using coloured food pictures and standard eating utensils.
The meal glycaemic load was calculated with SERVE Nutritional Management System for Windows s (M & H Williams Pty Ltd) (Monro and Williams, 2000) . The software program converts the weight (WT), the carbohydrate content (%CHO) and the GI value of each food intake to glycaemic load by using equation (1) (Ludwig, 2002) . A food with zero carbohydrate content will be assigned with a zero glycaemic load.
Glycaemic load of a food ¼ % CHOÂGIÂWTðgÞ=100 ð1Þ
Since the glycaemic load is considered to be additive, the glycaemic load of a meal was calculated as the sum of all the individual glycaemic loads of foods consumed in the meal. The meal glycaemic load calculated in this way is expected to give an estimation of the postprandial glucose level after the intake of the respective meal. The example in Table 1 illustrates the calculation of meal glycaemic load for a breakfast.
For this study, the SERVE program was customized to incorporate a Hong Kong food composition database based on food composition tables from Britain, China, Taiwan and the United States (Leung et al., 1999) . GI values for all the 434 foods in the Hong Kong food composition database were entered for the meal glycaemic load calculation. Food items without published GI and containing a carbohydrate content of 9% or less (n ¼ 216), including most vegetables and meat, were assumed to have GI of zero. For the remaining food items, that is, foods with carbohydrate contents 10% or more, GI values were set with references from measured GI values from the international tables of GI (Foster-Powell and Miller, 1995) , published books on GI values (Brand et al., 1996; Brand and Foster-Powell, 1998; Montignac, 1999) , and the GI research group from the Human Nutrition Unit at the University of Sydney (SUGiRS, 2002) . GI of carbohydraterich food with untested GI was estimated by their carbohydrate content, ingredients and published food GI. These estimated GI values were reviewed by researchers in the GI research group from the Human Nutrition Unit at the University of Sydney. The study was approved by the Ethics Committee of the Chinese University of Hong Kong and written informed consent was obtained from the parents of all subjects.
The average meal glycaemic load of each individual was obtained by averaging the glycaemic load of the three main meals (breakfast, lunch and dinner), while the glycaemic load of snacks in-between the three main meals were not taken into account. Tertile cutoffs were used to categorize the average meal glycaemic load of individuals into three groups for subsequent statistical analyses. The relationship between characteristics of children and the tertiles of meal glycaemic load were explored by ANOVA (for continuous variables) and w 2 test (for categorical variables). The meal glycaemic load and daily macronutrient consumption by different weight groups were assessed by ANOVA. Logistic regression was used to assess the effect of mean glycaemic load on being overweight. The model was adjusted for risk factors for childhood overweight determined earlier (Hui et al., 2003) : paternal obesity (BMIo25 or X25 kg/m 2 ), maternal obesity (BMIo25 or X25 kg m À2 ), birth weight (o3.0, 3.0-3.5, X3.5 kg), sleeping duration (9, 9-11 or X11 h/day), mean energy intake (o1600 or X1600 kcal/day) and father as a current smoker (yes or no).
The odds ratios (ORs) and their 95% confidence intervals (95% CI) were calculated and the significance was set at Po0.05. The SPSS version 11.0 was used in the analyses.
Results
The mean age of the subjects was 6.770.3 years. The mean BMI for the overweight (n ¼ 121), middle-weight (130) and low-weight (65) Cole et al. (2000) . All but one of the children in the lowweight group was within the normal weight range (80-120% median weight-for-height).
The average distributions of glycaemic load in the three weight groups during the morning (food eaten before 1200), afternoon (lunch and afternoon tea) and evening (dinner and food eaten before bedtime) over 3 days are shown in Figure 1 . Food consumed in the morning provided the lowest value of glycaemic load, while that in the afternoon was the highest and this trend was the same for the three weight groups. The respective glycaemic load contributions of breakfast, lunch, dinner and snack (defined as food intake out of the three main meals) were 17, 29, 29 and 25%. White rice, bread (excluding bread made from whole grain), beverages (including soft drinks and juice, but excluding milk) and fruits (including dried fruits) contributed 41, 13, Meal glycaemic load 57 Figure 1 Average distribution of glycaemic loads during the morning, afternoon and evening for overweight and normal-weight (middle-and low-weight) Hong Kong children aged 6-7 years.
Normal-weight and overweight Hong Kong children LL Hui and EAS Nelson 10 and 5% of total glycaemic load, respectively (Figure 2 ). The combined contribution of these four food items to the total glycaemic load was 69%.
The characteristics of the subjects by the tertiles of meal glycaemic load, that is, average of the three main meals and excluding snacks, are shown in Table 2 . A significant increase in BMI was observed across the three tertile groups (P ¼ 0.017). Children with higher glycaemic load were likely to have greater consumption of energy (Po0.0005), carbohydrate (Po0.0005) and protein (P ¼ 0.003), but not fat (P ¼ 0.215). Increased glycaemic load was positively associated with % carbohydrates (Po0.0005), but negative associations were observed for % proteins (Po0.0005) and % fats (Po0.0005). Paternal or maternal obesity, having smoking parents, age and birth weight were not associated with meal glycaemic load.
The average daily energy intake, macronutrient intake and meal glycaemic load were assessed across the three weight groups and significant difference was found in meal glycaemic load (P ¼ 0.004) and daily energy intake (P ¼ 0.026), but not in % carbohydrate (P ¼ 0.086), % proteins (P ¼ 0.724) nor % fats (P ¼ 0.079) ( Table 3) .
The unadjusted and adjusted ORs are shown in Table 4 . The third tertile (OR ¼ 1.79, 95% CI ¼ 1.00-3.08), but not the second tertile (OR ¼ 1.27, 95% CI ¼ 0.72-2.23), of meal glycaemic load significantly increased the odds of overweight compared with the corresponding first tertile group (reference category). When the factors previously shown to be associated with childhood overweight were adjusted for, the association between meal glycaemic load and overweight became insignificant.
In logistic regression only including the meal glycaemic load and energy intake, the interaction term was borderline significant (P ¼ 0.074). Further stratified analyses by energy intake (at, below and above 1469 kcal/day) suggested that there might be a positive effect of meal glycaemic load Normal-weight and overweight Hong Kong children LL Hui and EAS Nelson among children with higher energy consumption, but not among the lower energy consumption group (data not shown). Meal glycaemic load (average glycaemic load of three main meals and excluding snacks) was used in these analyses. The main analyses were repeated using total glycaemic load (all meals and snacks), snack glycaemic load and breakfast glycaemic load, and none of these were found to be significantly associated with childhood overweight in the unadjusted model (data not shown).
Discussion
A number of studies have indicated that carbohydrates and the GI values of meals can play a role in promoting weight gain and obesity (Slabber et al., 1994; Ludwig et al., 1999; Bessesen, 2001; Anderson et al., 2002) . A low-GI diet has been advocated for the treatment and prevention of overweight and obesity in the general public in the US (Ludwig, 2000; Ebbeling, 2001; Pawlak et al., 2002) . While the concept of GI in body weight control is moving into the public arena, the present study has provided relevant information on the pattern of glycaemic load and the relationship between meal glycaemic load and childhood overweight in a Chinese population. In this case-control study of 6-year-old children, an increase in the mean BMI across the three tertile groups of meal glycaemic load and a significant positive association in unadjusted logistic regression was observed. However, when risk factors for overweight previously published were adjusted, the meal glycaemic load was not significantly associated with childhood overweight. Since meal glycaemic load was positively associated with energy intake, and since this was one of the risk factors being adjusted for, it was possible that the unadjusted relationship between glycaemic load and overweight was confounded by energy intake. Further analysis suggested that the effect of meal glycaemic load might be modified by energy consumption and might only be associated with increased risk of overweight in the higher energy consumers.
Dietary glycaemic load was found to increase the risk of coronary heart disease, but has no association with BMI in a large prospective cohort study (Liu et al., 2000) . Risk factors for overweight might be influenced by both genetic and environmental factors (Heitmann et al., 1995; Perusse and Bouchard, 2000) . Genetically predisposed children might be more vulnerable to the unfavourable metabolic consequences of consuming high-GI foods, whereas normal children may not gain weight when subjected to the same high glycaemic load. In view of the fact that some intervention studies in children have found an increase in satiety and a reduction in food consumption after lowering the glycaemic load of meals (Spieth et al., 2000; Warren et al., 2003) , and beneficial outcome has also been observed in intervention studies in adults (Wolever and Mehling, 2003; Sloth et al., 2004) , more long-term intervention studies are needed to delineate the potential causal relationship between GI and obesity in childhood.
While the role played by dietary GI in obesity development and treatment is still inconclusive (Pawlak et al., 2002; Raben, 2002) , the evidence for GI in diabetes management seems to be substantial (Buyken et al., 2001; Gilbertson et al., 2001; Jimenez-Cruz et al., 2003) . The practical utility of GI has been further suggested by the joint FAO/WHO expert consultation on carbohydrates, which had directly addressed the usage of GI in the dietary management of diabetes Adjusted for paternal obesity (BMIo25 or X25 kg/m 2 ), maternal obesity (BMIo25 or X25 kg/m 2 ), birth weight (o3.0, 3.0-3.5, X3.5 kg), sleeping (9, 9-11 or X11 h/day), mean energy intake (o1600 or X1600 kcal/day) and father as a current smoker (yes or no).
Normal-weight and overweight Hong Kong children LL Hui and EAS Nelson (FAO/WHO, 1998) . Other studies also revealed the potential application of GI in preventing or treating cardiovascular disease (Liu et al., 2000) , undesirable lipid profile (Jenkins et al., 1987; Frost et al., 1999; Liu et al., 2001) and cancer Franceschi et al., 2001) . However, it is practically difficult to plan a low-GI diet (Raben, 2002) because there is a shortage of low-GI foods in the market and most staple foods have high GI values (Bjorck et al., 2000) . This is also the case in Hong Kong, where steamed white rice is the staple for most local people. Different from European and American community where, respectively, bread and pasta (Buyken et al., 2001 ) and potatoes and cold breakfast cereals (Liu et al., 2000) were the most important contributors to dietary glycaemic load, our data suggested that the contribution of steamed white rice to the total dietary glycaemic load was the highest. It contributed 41% of the total meal glycaemic load of our 6-year-old subjects, which was relatively higher than bread (13%) and beverages (10%) (Figure 2 ). It also explained the higher glycaemic load during the afternoon and evening, as rice is commonly consumed at lunch and dinner ( Figure 1) . GI of rice, ranging from 35 (parboiled high-amylose white rice) to 139 (boiled lowamylose white rice) (Foster-Powell et al., 2002) , is determined by its ratio of amylose-amylopectin and cooking method used. The rice commonly consumed in Hong Kong is Jasmine rice from Thailand, whose GI value as stated in the international table is 109. The Jasmine rice available in Hong Kong has not been tested for its GI, so we used a modest estimated GI of 74 for the glycaemic load calculation to avoid overestimation. Therefore, the contribution from rice in the total glycaemic load was possibly higher than what our results showed. By substituting Jasmine rice with other varieties with lower GI, such as Basmati rice (GI ¼ 58) and Bangladeshi rice (GI ¼ 28), or other types of staple such as wholemeal spaghetti (GI ¼ 37) and mung bean noodle (GI ¼ 39), it would be possible to make a significant change in the meal glycaemic load in this population group. Snacks, defined as food intake between any two main meals in this study, contributed to a quarter of the total glycaemic load, showing that snacks are an important part of these young children's diet. Ludwig et al. (1999) showed that voluntary energy intake in obese adolescents was greater following the consumption of meals with higher GI values. A crossover study has reported a lower lunch intake in a group of young children who consumed low-GI breakfast compared with those after high-GI breakfast (Warren et al., 2003) . Ball et al. (2003) demonstrated a prolongation of satiety following an intervention with a low-GI meal replacement, while Alvina and Araya (2004) observed significantly less satiety in obese children after consumption of a carbohydrate meal with a rapid digestion rate. Although some studies did not suggest an increase postprandial satiety by increasing dietary GI (Heini et al., 1998; Anderson et al., 2002) , providing snacks with lower GI values probably cause no harm and possibly reduce the frequency of snacking due to hunger. The contribution of different foods in the meal GI in this study indicated that it may be possible to modify nearly three-quarters of the total glycaemic load by swapping the types of rice/staple and snacks consumed to low-GI alternatives.
This study had some limitations. Dietary intakes vary dayby-day and thus the total glycaemic load calculated from the 3-day dietary records might not be representative of the usual nutrient intake of the subjects. Underreporting, especially for overweight children of unhealthy or 'bad' foods, might also underestimate the actual intake as well (Milner and Allison, 1999) . It should also be recognized that the dietary habits of the children might have changed as a result of their weight status, so that the current diet may not reflect the diet taken when the child was becoming overweight.
The average meal glycaemic load was used in the analysis of this study; therefore, fluctuation in glycaemic load in each individual among different meals in a day and the meal-tomeal difference in glycaemic load were not considered in this study. Although we gave all carbohydrate foods a GI value for calculating the glycaemic load, this was in many cases a 'best estimate' from experts in the field, as precise GI values for many local Chinese foods are not known. Allocating GI values to foods is further complicated by the findings that the same types of food may have different GI values in different studies (Foster-Powell et al., 2002) . Rice, the most important staple in the Chinese diet, has different GI values for different brands. It was thus likely that there would be discrepancies between the estimated GI of these foods with their real values. It is also possible that underestimation on the meal glycaemic load could occur if large amounts of foods containing less than 10% carbohydrate were ingested, as the GI of such foods was assumed to be zero. Although it has been suggested that the concept of GI can be applied to mixed meals (Wolever et al., 1991) , there is evidence that the same kinds of food have a different glycaemic response when ingested at different times of the day (Pi-Sunyer, 2002 ) and calculated dietary GI in mixed meals cannot predict postprandial glycaemic and insulinaemic responses . Some factors that might affect the true meal glycaemic load were unable to be considered in this study, such as physical form of the food, cooking method, meal combinations and eating rate. The application of the formula we used to calculate the glycaemic load was probably an oversimplification of the real postprandial situation.
Conclusions
Our study provides information on the pattern of dietary glycaemic load in a population of young children and emphasizes the importance of particular key foods in designing more practical low-GI diets. Although glycaemic load was not found to be an independent risk factor for childhood overweight in this study, our data suggested that glycaemic load may play a role in childhood overweight among children with higher energy consumption. The value of low-GI diets in weight management and prevention needs further study. It will be necessary to obtain GI values of more Chinese foods to better estimate the glycaemic load of Chinese diets. Further validation of the calculated meal glycaemic load with actual glycaemic response is also needed.
